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ABSTRACT
We present near-infrared (NIR) imaging observations of three transient neutron star
X-ray binaries, SAX J1753.5–2349, SAX J1806.5–2215 and AX J1754.2–2754. All three
sources are members of the class of ‘very faint’ X-ray transients which exhibit X-ray
luminosities LX . 1036 erg s−1. The nature of this class of sources is still poorly un-
derstood. We detect NIR counterparts for all three systems and perform multi-band
photometry for both SAX J1753.5–2349 and SAX J1806.5–2215, including narrow-
band Brγ photometry for SAX J1806.5–2215. We find that SAX J1753.5–2349 is sig-
nificantly redder than the field population, indicating that there may be absorption
intrinsic to the system, or perhaps a jet is contributing to the infrared emission. SAX
J1806.5–2215 appears to exhibit absorption in Brγ , providing evidence for hydrogen
in the system. Our observations of AX J1754.2–2754 represent the first detection of
a NIR counterpart for this system. We find that none of the measured magnitudes
are consistent with the expected quiescent magnitudes of these systems. Assuming
that the infrared radiation is dominated by either the disc or the companion star, the
observed magnitudes argue against an ultracompact nature for all three systems.
Key words: accretion, accretion discs – infrared: general – stars: neutron – X-
rays:binaries – X-rays: individual: SAX J1753.5–2349 – X-rays: individual: SAX
J1806.5–2215 – X-rays: individual: AX J1754.2–2754
1 INTRODUCTION
Low-mass X-ray binaries (LMXBs) are binary systems in
which a compact object, either a black hole (BH) or neu-
tron star (NS), accretes matter from a low-mass star. Many
LMXBs are discovered when they undergo transient out-
bursts, where the X-ray luminosity increases by a factor
> 1000, accompanied by a large increase in optical luminos-
ity (∆V ∼ 7; e.g., Kuulkers 1998) for a short period (typi-
cally weeks to months) before decaying to quiescence.
Whilst many transient LMXBs exhibit high luminosi-
ties during outburst (LX ∼ 1037−39 erg s−1), during the
last decade, a population of faint X-ray transients have
emerged. Members of this class of Very Faint X-ray Tran-
sients (VFXTs) exhibit peak X-ray luminosities in the range
1034−36 erg s−1 (e.g. Muno et al. 2005a; Wijnands et al.
2006; Degenaar & Wijnands 2009, 2010). Due to the fre-
? E-mail: aarran@ualberta.ca
quent monitoring of the Galactic Centre, a large number of
VFXTs have been found to lie close to this region.
The current disc instability model (DIM) which well
describes the general behaviour of the outbursts in typical
LMXB transients (Lasota 2001; Coriat et al. 2012) cannot
immediately explain the low peak X-luminosities of VFXTs
(Heinke et al. 2015; Hameury & Lasota 2016). The lumi-
nosities of these sources time-averaged accretion rate in the
range 10−13−10−10Myr−1 (King &Wijnands 2006; Dege-
naar & Wijnands 2009), which can be difficult to explain in
the context of binary evolution models. A number of mod-
els have emerged in an effort to characterize the observed
low accretion rates and faint X-ray luminosities. It is pos-
sible that some VFXTs are wind accreting systems, similar
to high-mass X-ray binary (HMXB) systems, except that
the compact object is accreting from the weak stellar wind
of a low-mass companion (Pfahl et al. 2002; Maccarone &
Patruno 2013). An alternative model is that the compact
object has a small accretion disc, indicative of an ultracom-
© 2015 The Authors
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pact system with a short orbital period (Porb . 2hrs; e.g.
in’t Zand et al. 2005, 2007; Hameury & Lasota 2016) that
can only accommodate a (partly) degenerate donor such as a
brown or white dwarf (King & Wijnands 2006; Heinke et al.
2015). It has also been proposed that the magnetic field of a
NS can inhibit accretion, resulting in the observed very faint
X-ray luminosities (Heinke et al. 2009; D’Angelo & Spruit
2012; Heinke et al. 2015). Some VFXTs have been shown to
have a large orbital inclination, meaning observers only see
the scattered light of an intrinsically bright source (Muno
et al. 2005b; Corral-Santana et al. 2013), but this scenario
cannot be applied to most systems (Wijnands et al. 2006).
The nature of the donors in VFXTs can be best un-
derstood through optical/near infrared (NIR) follow-up of
sources discovered in X-ray surveys. However, as most of
the sources have been found so far to be close to the Galac-
tic Centre, optical/NIR photometry is inhibited by high
extinction and extremely crowded fields (Mauerhan et al.
2009). Hence, optical/NIR results have not been reported
for most VFXTs as it becomes difficult to identify the cor-
rect counterpart. Despite this, there are a small number of
observations of VFXTs in the optical/NIR regime. Dege-
naar et al. (2010) identified the optical counterpart of the
bursting NS binary 1RXH J173523.7–354013, revealing Hα
emission in the optical spectrum and effectively ruling out
an ultracompact nature (though it must be noted that re-
cent efforts to model ultracompact evolution have provided
evidence that some ultracompact systems can potentially ex-
hibit hydrogen in their spectra; Sengar et al. 2017). Through
optical observations, M15 X-3 has been shown to contain a
main sequence star in a ∼ 4 hr orbit with a NS (Heinke
et al. 2009; Arnason et al. 2015). In addition, XTE J1719–
291, Swift J1357.2–0933, SAX J1806.5–2215 and CXOGC
J174540.0–290031 have all been suggested to contain main-
sequence companions from optical/NIR observations (Muno
et al. 2005b; Greiner et al. 2008; Corral-Santana et al. 2013;
Kaur et al. 2017).
Based on their optical/NIR properties, all of the above
sources appear to be typical LMXBs, not ultracompact sys-
tems. However, owing to the small sample size, we cannot
yet rule out any of the above models. We need to investigate
the companion stars of many more VFXTs in order to better
understand the different possible accretion regimes in these
systems. Due to the typically large absorption columns in
the Galactic plane, searching for counterparts at NIR wave-
lengths is much more effective than at optical wavelengths.
In this work we present NIR photometry of three VFXTs in
order to place constraints on their counterparts and investi-
gate the nature of accretion in these systems.
1.1 SAX J1753.5–2349
SAX J1753.5–2349 (hereafter SAX1753) was discovered
with the Wide Field Camera (WFC) instrument on board
the BeppoSAX X-ray observatory during a single type-I
burst on August 24 1996 (In’t Zand et al. 1999). Initially a
‘burst-only’ source, persistent emission (either in outburst
or quiescence) was not detected for SAX1753 until the
source was once more detected in outburst in 2008 by
the Proportional Counter Array on board the Rossi X-ray
Timing Explorer (RXTE/PCA) and the Swift/Burst Alert
Telescope (BAT) (Markwardt et al. 2008), as well as the
INTErnational Gamma-Ray Astrophysics Laboratory (IN-
TEGRAL) imager IBIS (Cadolle Bel et al. 2008). A further
X-ray burst and associated transient outburst was observed
by INTEGRAL and RXTE/PCA in 2010 (Chenevez et al.
2010) and a NIR counterpart with Ks = 15.63 ± 0.01 was
identified (Torres et al. 2010).
Modelling of the broadband X-ray spectrum of
SAX1753 from the 2008 outburst (which lasted > 5 months;
Del Santo et al. 2009) revealed a spectrum consistent with
the Compton up-scattering of soft seed photons by a hot
optically thin electron plasma with an inferred temperature
& 24 keV (Del Santo et al. 2010). The low luminosity of
SAX1753 (peaking at LX ∼ 1036erg s−1) suggests that the
system is very compact(Del Santo et al. 2010), though its
orbital period has not yet been measured and, as discussed
in Section 1, there are number of alternative possible origins
for the low X-ray luminosity. The compact object is known
to be a neutron star from observations of thermonuclear
bursts (Chakrabarty et al. 2010).
1.2 SAX J1806.5–2215
SAX J1806.5–2215 (hereafter SAX1806) was discovered by
BeppoSAX/WFC through the detection of four type-I X-ray
bursts observed between August 1996 and October 1997
(In’t Zand et al. 1999; Cornelisse et al. 2002b). Similar to
SAX1753, SAX1806 was initially classified as a ‘burst-only’
source until faint persistent emission was revealed by the
RXTE/All Sky Monitor (ASM) coinciding with the same
period as the occurrence of the X-ray bursts (Cornelisse
et al. 2002b).
The source remained quiescent for 12 yrs, with upper
limits on the X-ray luminosity during this time estimated
to be 0.5−4×1033 erg s−1 (Campana 2009; Degenaar et al.
2011). A new outburst was detected by RXTE in February
2011 (Altamirano et al. 2011). Swift observations revealed
an X-ray spectrum consistent with a power law with a hard
photon index Γ ∼ 1.7− 2 (Degenaar et al. 2011; Kaur et al.
2012; Del Santo et al. 2012). Monitoring with Swift/BAT
indicates that the source is still exhibiting low-level activity
and hence has likely remained in outburst for & 6 years.1
During the X-ray outburst that began in 2011, a NIR
counterpart was discovered with K = 17.25 ± 0.03 (Kaur
et al. 2017).
1.3 AX J1754.2–2754
AX J1754.2–2754 (hereafter AX1754) was discovered in
1999 by the Advanced Satellite for Cosmology and Astro-
physics (ASCA) during a survey of the Galactic Centre
region (Sakano et al. 2002). A type-I X-ray burst in April
2005 revealed the compact object as a NS (Chelovekov
& Grebenev 2007b). The source has been detected at a
luminosity of Lx ∼ 1035 erg s−1 every time it has been
observed (see e.g. Jonker & Keek 2008; Degenaar et al.
2012; Maccarone et al. 2012), aside from one brief (. 11
1 https://swift.gsfc.nasa.gov/results/transients/weak/SAXJ1806.5-
2215/
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months) period of quiescence (LX . 5 × 1032 erg s−1;
Bassa et al. 2008). A long observing campaign of AX1754
with Swift revealed a very soft X-ray spectrum (Γ = 2.5;
Armas Padilla et al. 2013).
Unlike those of SAX1753 and SAX1806, the X-ray
bursts displayed by AX1754 are long (up to 15 minutes
in length; Chelovekov & Grebenev 2007a; Chenevez et al.
2017). Intermediate-to-long duration bursts are thought to
be due to the ignition of a thick layer of helium on the
surface of the NS which builds up due to the low mass
accretion rate (Peng et al. 2007; Cooper & Narayan 2007).
This, coupled with the non-detection of the source at
optical/NIR wavelengths (Bassa et al. 2008; Zolotukhin &
Revnivtsev 2015) suggest that AX1754 is an ultracompact
X-ray binary, though no orbital period has been measured.
2 OBSERVATIONS AND DATA REDUCTION
2.1 Swift
We used all available Swift/X-Ray Telescope (XRT; Bur-
rows et al. 2005) observations of each source to construct
long-term X-ray light curves in order to put the NIR obser-
vations into context. The light curves were created with the
online Swift/XRT User Objects tool (Evans et al. 2009) and
grouped into 1 day bins. In the event of a non-detection, a 3σ
upper limit on the XRT count rate is calculated by the light
curve generator. We also used the data from the Swift/BAT
Hard X-ray Transient Monitor (Krimm et al. 2013) to con-
struct long term X-ray light curves in the 15-50 keV range.
Data are available online and do not require any reduction.2
2.2 Near Infrared
All three sources were observed with the Near InfraRed Im-
ager and spectrograph (NIRI; Hodapp et al. 2003) on the
8.1m Gemini North telescope at Mauna Kea, Hawaii with
the f/6 camera in imaging mode. The f/6 camera has a
plate scale of 0.117′′ pixel−1, providing a field of view of
120′′ × 120′′. SAX1753 was observed on the night of 2012
July 11. We obtained 34 exposures of 53s in H and 45 ex-
posures of 56s in Ks. To account for the changing sky back-
ground at NIR wavelengths, a dithering pattern was applied
in each filter, with each co-added exposure consisting of 17,
3s exposures in H and 20, 2.7s exposures in Ks.
SAX1806 was observed on 2012 May 2. The source was
observed in H and Ks broad-band filters as well as the
Brγ narrow-band filter. We obtained 10 exposures of 39s
in both H and Brγ , with each co-add comprising of three,
13s dithered exposures. 10 exposures of 12s were obtained
in Ks, with each co-add comprising of three, 4s dithered ex-
posures.
AX1754 was observed with Gemini/NIRI on 2012 May
21. The field was observed in H and Ks broad-band filters
as well as the Brγ narrow-band filter. However, as detailed
in section 3.3, we were only able to detect the counterpart
in the Ks-band. We therefore choose to concentrate here on
2 https://swift.gsfc.nasa.gov/results/transients/
the Ks-band observations. We obtained 10 exposures of 12s,
each comprising of three, 4s dithered exposures.
Data reduction for all NIRI images is performed using
the iraf (Tody 1986) Gemini package and NIRI-specific
python routines. To remove artifacts superimposed by the
IR detector controller we utilized the cleanir script3 before
correcting for non-linearity in the detector with nirlin.4 As
there were no extended objects in the fields of view of each
target, sky frames were created from the science images. For
each target, a normalized flat field was created with the task
niflat and bad pixels identified using short dark frames.
Flat-fielding and sky subtraction was performed using nire-
duce and the final images were created with imcoadd. From
the final reduced images we obtained a signal-to-noise ratio,
SN > 10 for a 17th magnitude star, which agrees with the
estimates made by the NIRI Integration Time Calculator
(ITC).5
To determine the astrometry, we first used SExtractor
(Bertin & Arnouts 1996) to create source catalogs for each
target field. The astrometric solution in each band band was
obtained with SCAMP (Bertin 2006), using the Two Micron
All Sky Survey (2MASS; Skrutskie et al. 2006) catalog as a
reference, then the projection was applied to the co-added
science images using SWarp (Bertin et al. 2002). The so-
lution delivered an RMS error ∼ 0.1′′ in each coordinate,
indicative of the positional uncertainty.
To measure instrumental magnitudes we used the iraf
daophot routines developed for crowded-field photometry
(Stetson 1987). We determined the empirical point spread
function (PSF) for each target frame using relatively iso-
lated field stars. We identified 10 suitable PSF stars in each
band for the images of SAX1753 and AX1754, and, due to
extreme crowding and a large number of saturated stars, 4
suitable PSF stars in each band for the SAX1806 images.
The PSF was then fit to all the stars in the frame with
the task allstar to determine instrumental magnitudes.
The observations were calibrated using 2MASS stars in the
field. We used a total of 10 calibration stars for SAX1753, 4
for SAX1806 (due to, again, crowding and saturated stars,
as well as a difference in pointing between H and Ks ob-
servations such that only 4 suitable calibration stars were
present in both bands) and 6 for AX1754. For SAX1753
and SAX1806 we calibrated the frames using transforma-
tion equations of the form:
h = H + c1 + c2X + c3H −Ks (1)
ks = Ks + c4 + c5X + c6H −Ks (2)
where h (ks) is the instrumental magnitude of the calibra-
tion star in the H (Ks)-band, H (Ks) is its known magni-
tude, c1 – c6 are constants (representing an additive term,
an extinction term and a colour term in each band), X is
the airmass and H − Ks is the known NIR colour of the
calibration star.
For AX1754, we were only able to detect a counterpart
3 http://staff.gemini.edu/∼astephens/niri/cleanir/cleanir.py
4 http://staff.gemini.edu/∼astephens/niri/nirlin/
5 http://www.gemini.edu/sciops/instruments/integration-time-
calculators/niri-itc
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in the Ks-band. We therefore calibrated its magnitude by
determining the zero-point for our observations using the 6
well-detected, isolated 2MASS stars in the field.
3 RESULTS
3.1 SAX J1753.5-2349
Fig. 1 shows the Ks-band NIRI image of the field of
SAX1753, as well as an archival image observed with the
United Kingdom Infrared Telescope (UKIRT) as part of the
UKIRT Infrared Deep Sky Survey (UKIDSS). We detect
the source in the NIRI image at a position of RA, Dec =
17h53m31s.87, −23◦49′14′′.83, consistent with the position
of the source determined during outburst using a Chan-
dra observation (Chakrabarty et al. 2010) and from the
NIR counterpart (Torres et al. 2010). We measure mag-
nitudes of the NIR counterpart of H = 18.58 ± 0.03 and
Ks = 17.44 ± 0.02, which is ∼ 2 magnitudes fainter than
during the 2010 outburst (Torres et al. 2010). Though this
may indicate that the source was quiescent at the time,
it is important to note that these magnitudes would have
been measurable in the UKIDSS data, which has 5σ limits
of K = 18.05, H = 19.00 (Lucas et al. 2008). In addition
there are sources in the UKIDSS field fainter than the mea-
sured NIRI magnitudes of SAX1753 (Lucas et al. 2008), yet
SAX1753 is not detectable by UKIDSS. This suggests that
SAX1753 was not in true quiescence during the time of our
observations, but was still active at a low level. The X-ray
light curve presented in Fig. 2 suggests that the source had
reached quiescence at X-ray energies. However, there were
no pointed X-ray observations at the time of the NIRI obser-
vations. We therefore investigated the long-term Swift/BAT
light curve of SAX1753 and found that the source underwent
a faint outburst in 2012 June/July that was not reported
(Fig. 3). Our Gemini observations took place close to the
end of the decay of this outburst, and it is likely that there
was still accretion activity at this time, which would explain
why we measured a magnitude above the UKIDSS limit.
We present a colour-magnitude diagram of the
SAX1753 field in Fig. 4. Due to the long exposure times,
field stars with Ks < 12 saturated the CCD and hence have
been excluded. The NIR counterpart to SAX1753 appears
to be significantly redder in relation to the field population
indicating a possibility of absorption intrinsic to the system.
To investigate this we calculated the NIR colour excess
EH − K = H − Kobs − H − Kint using the derived rela-
tionships between the total extinction in the V -band (AV )
and the H and K-bands (AH = 0.176AV , AK = 0.108AV ;
Cardelli et al. 1989; Cox 2000), as well as the relation
NHAV = 2.21 ± 0.09 × 1021 cm−2 mag−1 (Güver & Özel
2009), where NH is the observed hydrogen column density.
Utilizing NH = 1.9±0.4×1022 cm−2, measured from fitting
a thermal Comptonization model to the X-ray spectrum
(Del Santo et al. 2010), we determine a colour excess
EH−K = 0.58± 0.12. To determine the intrinsic reddening
we must convert the observed H − Ks to H − K using
the known filter transformations6 between 2MASS/Gemini
and the Bessell & Brett (1988) photometric system. We
6 http://www.astro.caltech.edu/ jmc/2mass/v3/transformations/
determine H − Kobs = 1.13 ± 0.05 mag and therefore an
intrinsic colour index of H −Kint = 0.55± 0.13 mag.
To determine whether this intrinsic reddening is
typical we match the coordinates of all field sources with
H −Ksobs > 1 against the field image. We find an isotropic
distribution of such sources in the field, indicating that
SAX1753 is not located in a region of high absorption
(e.g. behind a dust cloud) and it is possible that there is
absorption local to the system itself. It is important to note
that the calculation is dependent on the determination of
NH , which is highly dependent on the model used to define
the X-ray continuum, as well as the absorption model
utilized during spectral fitting. It is also possible that, as
SAX1753 was potentially still showing signs of accretion
at the time of the NIRI observations, the intrinsically red
spectrum could be due to an outflow in the form of an
accretion disc wind, or to jets - which are known to exhibit
optically thin (negative slope) spectra in the infrared (see
e.g. Díaz Trigo et al. 2017).
If we assume that the secondary star fills its Roche
lobe, then we can use the NIR magnitude from the 2010
outburst to constrain the orbital period of the system using
the relationship between K-band magnitude, LX and Porb
derived by Revnivtsev et al. (2012). Assuming a distance
of 8 kpc, a luminosity of LX ≈ 0.02LEdd (for a 1.4M
NS) at the peak of the outburst (Del Santo et al. 2010)
and K = 15.63 (Torres et al. 2010) we estimate Porb ≈ 15h
with a typical propagated uncertainty of ±4h. There are
a number of assumptions in this calculation, for example
we assume here that all of the NIR emission is due to
reprocessed X-rays and that at the peak of the outburst
there is no contribution from a jet or the companion (which
may not be a reasonable assumption as discussed above).
However, this estimate of Porb argues that the system is not
ultracompact, though the only way to truly determine Porb
is through quiescent time-series photometry or spectroscopy.
3.2 SAX J1806.5–2215
Fig. 5 shows the Ks-band field of SAX1806 as observed by
Gemini/NIRI. We detect the source at a position of RA,
Dec = 18h06m32s.18, −22◦14′17′′.36, within the Chandra
error circle (Chakrabarty et al. 2011). We measure mag-
nitudes of the NIR counterpart of H = 17.94 ± 0.06 and
Ks = 17.22 ± 0.02. The measured Ks magnitude is con-
sistent with 2011 K-band observations of the source (Kaur
et al. 2017). Fig. 6 shows the long term Swift/XRT light
curve. Though it initially seems as if the X-ray count rate
had decayed significantly between the observations of Kaur
et al. (2017) and those of this work, the inset shows that
the two NIR observations occurred at similar X-ray fluxes,
consistent with the near identical NIR magnitudes observed
at the two epochs. SAX1806 is not detected in UKIDSS,
which observed the field in July 2006 when SAX1806 was
in quiescence (Campana 2009), placing a 5σ upper limit on
the quiescent magnitude of K > 18.05, H > 19.00.
It is important to note that the NIR counterpart to
SAX1806 is located close to a diffraction spike of a nearby
bright star (2MASS 18063303-2214249), which may have an
effect on the measured magnitude of the target. However, an
MNRAS 000, 1–10 (2015)
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Figure 1. Left: Ks-band NIRI image of SAX1753. Right: K-band image of the same field, observed on 2007 May 4 as part of the
UKIDSS. In both panels, the white circle represents the 0.6′′ error circle of the Chandra X-ray position of the source (Chakrabarty et al.
2010).
Figure 2. Long term Swift/XRT light curve of SAX1753, the
green arrow represents the time of the observation presented by
Torres et al. (2010), the red arrow indicates the time of the Gem-
ini/NIRI observation. Black, capped arrows represent 3σ upper
limits on the XRT count rate.
investigation of the PSF subtracted image revealed no obvi-
ous residuals at the location of the source, and the diffrac-
tion spike was still present, indicative of a clean subtrac-
tion. In addition, we measured the magnitudes of two known
sources present in the diffraction spikes (UGPS J180633.87–
221431.0 and UGPS J180633.67–221429.3) and found them
to be consistent with measured UKIDSS magnitudes. The
same stars are not located in the diffraction spikes in the
archival UKIDSS images. We can therefore assume that our
PSF photometry is unaffected by the presence of the diffrac-
tion spike of the bright star.
As with SAX1753, we present a colour-magnitude dia-
gram of the source field of SAX1806 in Fig. 7. The source
reddening is consistent with the majority of the field pop-
ulation. We also obtained observations of the source field
in the Brγ narrow-band filter, which allows us to study the
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Figure 3. Portions of the long term Swift/BAT light curve of
SAX1753. The green arrow in the left panel indicates the time
of the NIR follow-up observation by Torres et al. (2010), the red
arrow in the right panel indicates the time of the Gemini/NIRI
observation presented in this work.
hydrogen emission in the system.
It is possible to identify stars with strong line emis-
sion/absorption by using a broadband photometric filter as
an indicator of the continuum near the location of the spec-
tral line (see e.g. Robertson & Jordan 1989; Panagia et al.
2000; Drew et al. 2005, for methods of finding Hα emitting
stars using photometry). In the case of SAX1806, we use the
Ks-band magnitude as an indicator of the continuum near
the Brγ line. Therefore, a large (Ks−Brγ) colour would pro-
vide evidence of excess hydrogen emission in the system.
To construct the (H −Ks) vs. (Ks−Brγ) colour-colour
diagram in Fig. 8 we utilised the instrumental magnitudes
in the Brγ band, as we cannot convert Brγ instrumental
magnitudes on to the standard photometric system due to
the absence of photometric standard stars in this band. We
MNRAS 000, 1–10 (2015)
6 A. W. Shaw et al.
−2 −1 0 1 2 3
(H−Ks)
10
12
14
16
18
20
22
K
s
SAX J1753.5-2349
Figure 4. Colour-magnitude diagram of the SAX1753 field. The
black point marks the NIRI observation of the NIR counterpart
to SAX1753.
also excluded saturated stars and stars close to the edge of
the CCD. The dashed line in Fig. 8 is the running median
(Ks−Brγ) colour, and represents the locus at which stars
have no excess Brγ emission. Any sources lying significantly
above/below this line can be assumed to exhibit a strong
Brγ feature in emission/absorption.
The SAX1806 (Ks−Brγ) colour places it well below the
locus of the continuum at the same (H − Ks), showing a
|∆Brγ | > 5 times larger than the photometric uncertainty
on the (Ks−Brγ) colour of SAX1806. This is evidence that
the source is exhibiting significant Brγ absorption.
We can attempt to place an estimate on the equiva-
lent width of the Brγ line, EW(Brγ) utilizing the meth-
ods of De Marchi et al. (2010); Beccari et al. (2014), who
derived the equivalent width of Hα to be related to the
rectangular width, RW, of the Hα filter as EWHα = RW ×
1 − 10−0.4×∆Hα , where the Hα excess emission is the dis-
tance ∆Hα from the median. Echoing this, we estimate
EWBrγ ∼ −120Å, where a negative EW in this case rep-
resents absorption (contrary to standard notation). This is
an disturbingly large value - an order of magnitude stronger
than is typically seen in LMXBs (see e.g. Rahoui et al. 2014).
To investigate this we create two new co-added images,
one from the first 5 individual frames of the observing run
and one from the second 5 frames in order to determine if the
large implied EW is caused by large amplitude variability of
the Brγ instrumental magnitude. We find that the source is
not detected (to 5σ) in either of the new images, indicating
that the source truly is likely to be exhibiting Brγ at a lower
flux than is typical of the field population. Though we can-
not truly determine the properties of the Brγ line without
NIR spectroscopy, this does provide evidence that there is
hydrogen present in the SAX1806 system, and therefore it
is likely that it is not an ultracompact binary.
We can examine this further by applying the Revnivtsev
et al. (2012) scaling relation to the measured flux values. As-
suming a distance of 8kpc and LX ∼ 0.01LEdd (Cornelisse
et al. 2002a) we estimate Porb ≈ 4± 1h. We make the same
assumptions here as with the Porb estimate for SAX1753.
This provides further evidence that SAX1806 is not an ul-
tracompact system, as discussed above.
3.3 AX J1754.2–2754
The AX1754 field in the Ks-band is presented in Fig. 9.
After using the PSF fit to subtract the nearby bright star
(UGPS J175414.57–275436.0) we find a source at a level
of ∼ 5σ above the background at a position of RA, Dec
= 17h54m14s.47,−27◦54′35′′.34, well inside the Chandra
error circle (Bassa et al. 2008). We therefore conclude that
this source is the NIR counterpart of AX1754, and the
measured magnitude of Ks = 18.12 ± 0.15 represents the
first optical/NIR detection of this source. We do not detect
a counterpart in the H-band (to a depth of H = 20) or
Brγ -band observations.
There is no evidence of a NIR counterpart in the
archival UKIDSS image (Fig. 9), which has a limiting
magnitude of K = 18.05 (Lucas et al. 2008). The source was
X-ray active at the time of the NIRI observations (Fig. 10),
so the quiescent magnitude of this source remains unknown.
Zolotukhin & Revnivtsev (2015) provided a constraint
of Porb < 9h using the Revnivtsev et al. (2012) relations,
based on an upper limit to the NIR brightness, as the
source has not been detected in archival images. We can
provide a more accurate estimate using the measured
Ks-band magnitude. Adopting Lx ∼ 0.0006LEdd for a
distance of 9.2kpc (Chelovekov & Grebenev 2007a) we
estimate Porb ≈ 5.4 ± 2.3h. Though this is clearly too long
for an ultracompact system, it is important to note that
the calculation relies heavily on the distance measurement.
Adopting the closest distance estimate calculated for
AX1754 (6.6kpc; Chelovekov & Grebenev 2007a), we find
Porb ≈ 2.6 ± 1.1h, which is indicative of a much more
compact binary, though probably not ultracompact. We
note that we have assumed that the measured Ks-band
magnitude is the peak value. However, it is possible that
AX1754 has been brighter in the NIR over the course of
its prolonged X-ray activity, implying a larger Porb, hence
making an ultracompact scenario even less likely.
4 SUMMARY AND CONCLUSIONS
We present here NIR observations of the counterparts of
three VFXTs. Included in this analysis is the first ever NIR
detection of AX1754. We also present analysis of two other
sources, SAX1753 and SAX1806, which have only previously
been studied in single NIR bands, preventing in depth dis-
cussion of NIR colour.
We identified the NIR counterpart to SAX1753, con-
sistent with the position of the source reported during its
2010 outburst (Torres et al. 2010). We find that the flux of
the source has decayed by ∼ 2 magnitudes in the Ks-band,
consistent with an apparent return to quiescence in X-rays.
However, we note in Section 3.1 that SAX1753 was likely
not in quiescence at the time of the NIRI observations, as
a source with a quiescent magnitude of Ks = 17.44 ± 0.02
is detectable in UKIDSS archival images. The Swift/BAT
light curves in Fig. 3 show evidence for a faint outburst
close to the time of our NIRI observations, which suggests
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Figure 5. left: Ks-band NIRI image of SAX1806. Right: K-band image of the same field, observed with UKIRT on 2006 July 23 as part
of the UKIDSS. In both panels, the white circle represents the 0.6′′ error circle of the Chandra X-ray position of the source (Chakrabarty
et al. 2011).
Figure 6. Long term Swift/XRT light curve of SAX1806, the
green arrow represents the time of the observation presented by
Kaur et al. (2017), the red arrow indicates the time of the Gem-
ini/NIRI observation. A zoomed in portion of the light curve is
shown inset.
that the source was still exhibiting accretion activity during
this time, and hence not in true quiescence.
SAX1753 appears to exhibit significant reddening in
relation to the field population (Fig. 4), with an intrinsic
colour indexH−Kint = 0.55±0.13mag, which is larger than
typical values for main sequence companions (Cox 2000). It
must be noted that this value is highly dependent on the
derived NH , which itself is dependent on the model cho-
sen to constrain the X-ray spectrum. We therefore cannot
definitively state that there is absorption intrinsic to the sys-
tem. However, it is clear from Fig. 4 that SAX1753 is redder
than the majority of other stars in the field, independent of
the modelled NH . Another possible origin for the unusually
red colour of SAX1753 is the presence of a jet. It has been
shown in a number of NS LMXBs that jets manifest in the
NIR spectrum as a power law with a negative slope (Migliari
−2 −1 0 1 2 3 4 5
(H−Ks)
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22
K
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SAX J1806.5-2215
Figure 7. Colour-magnitude diagram of the SAX1806 field. The
black point marks the NIRI observation of the NIR counterpart
to SAX1806.
et al. 2010; Baglio et al. 2016; Díaz Trigo et al. 2017) and it
is possible that we are seeing a similar process in SAX1753,
as the source appeared to still be accreting at the time of
our observations. However, we cannot constrain any proper-
ties with just two NIR data points, and SAX1753 has never
exhibited any signs of a radio jet, so it is unclear if this in-
terpretation is correct.
We also obtained the first multi-band NIR photometry
of the counterpart to SAX1806, which had previously only
been observed in the K-band (Kaur et al. 2017). We find
that the source exhibits a low Ks−Brγ colour in relation to
the rest of the field population. This suggests the presence of
a Brγ absorption feature in the NIR spectrum of SAX1806
and, though the derived EW of ∼ 120 seems rather large,
is indicative of hydrogen present in the system. This, cou-
pled with an estimate of Porb ≈ 4± 1h from the Revnivtsev
et al. (2012) relations provides significant evidence against
MNRAS 000, 1–10 (2015)
8 A. W. Shaw et al.
2 1 0 1 2 3 4
(H−Ks)
10.0
9.5
9.0
8.5
8.0
7.5
7.0
(K
s
−
B
r γ
)
SAX J1806.5-2215
Figure 8. (H −Ks) vs. (Ks−Brγ) colour-colour diagram of the
SAX1806 field. The black point marks the NIRI observation of the
NIR counterpart to SAX1806. The dashed line represents a run-
ning median and defines the locus at which stars have no excess
Brγ emission.
an ultracompact nature. We require NIR spectroscopy to
confirm the absorption in the Brγ -band, and SAX1806 is
bright and isolated enough to be targeted for spectroscopy
with the current generation of 8m class telescopes.
We present the first ever NIR detection of AX1754,
a NS system that is actively accreting most of the time
and exhibits intermediate length X-ray bursts. The Ks-
band magnitude of 18.12 ± 0.15, combined with the ex-
tremely low X-ray luminosity, suggests a short period system
(Porb ≈ 5.4±2.3h), though not ultracompact in nature. The
source is in close proximity to a bright star, which makes
NIR photometric and spectroscopic follow up extremely dif-
ficult, and hence determining the true nature of the system
becomes problematic.
We have shown in this work that the three faint NS sys-
tems presented here are likely normal LMXBs. They do not
show any evidence of ultracompact behaviour, either from
estimates of Porb or through inferring the presence of hydro-
gen. In addition, several other VFXTs are found to exhibit
properties typical of regular LMXBs rather than ultracom-
pact binaries (see e.g. Heinke et al. 2009; Degenaar et al.
2010). However, this does not rule out the ultracompact
scenario as a way of explaining the faint outbursts of a sub-
class of VFXTs, but rather suggests that there are multiple
classes of sources accreting in a faint regime. It is worth not-
ing here that the best studied sample of VFXTs is those that
show long (& 1 yr) outbursts (the so-called ‘quasi-persistent’
sources - two of which, SAX1806 and AX1754 are presented
in this work), and the accretion regimes may be different
among the shorter duration transients. We require dedi-
cated photometric and spectroscopic observing campaigns
to fully determine the nature of accretion in VFXTs, but
this remains difficult at such low optical/NIR fluxes, and we
will likely require the next generation of large telescopes to
achieve this goal for a large number of sources.
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